Those seeking information from the Internet often start from a search engine, using either its organised directory structure or its text query facility. In response to the difficulty in identifying the most relevant pages for some information needs, many search engines offer Boolean text matching and some, including Google, AltaVista and HotBot, offer the facility to integrate additional information into a more advanced request. Amongst web users, however, it is known that the employment of complex enquiries is far from universal, with very short queries being the norm. It is demonstrated that the gap between the provision of advanced search facilities and their use can be bridged, for specific information needs, by the construction of a simple interface in the form of a web site that automatically formulates the necessary requests. It is argued that this kind of resource, perhaps employing additional knowledge domain specific information, is one that could be useful for web sites or portals of common interest groups. The approach is illustrated by a web site that enables a user to search the individual web sites of university level institutions in European Union-associated countries.
Introduction
Search engines are widely used by web surfers in order to find information. They work by crawling a portion of the web, indexing it in a large database, and then providing an interface, normally via a web page, for interrogating that database. Using search engines for retrieving information on the web is often difficult, perhaps partly because of the problem of formulating queries specific enough to find relevant pages. Some information needs, however, are intrinsically more difficult to satisfy due to problems of semantics. A user searching for "warehouses" may be surprised by the number of pages referring to software warehouses, rather than buildings, returned. A search for a more specific word such as "phenol" will, in contrast, unhampered by non-chemical uses for the term. There are many web sites that already provide sources of information for specific groups of web users, for example one for the chemical industry (www.sourcerer.co.uk) that sells access to its own database of UK chemical company products and services. As well as commercial initiatives, professional organisations, commercial common interest groups and other organisations with a web site aimed at a collection of people with shared characteristics may benefit from enhancing their web site with a facility for helping their target audience to search the web for topic-related information.
The difficulty of finding information on the web has been widely recognised, both directly [1] [2] and indirectly in the production of a large number of tools to aid the process [3] [4] [5] [6] , including those aimed at common interest groups [7] [8] . These tools include personal search engines 9 which can automatically seek information relevant to the owner's web surfing history but cannot help novel tasks, and those designed to crawl a site in response to a query 10 , but this is a relatively time-consuming approach. Recent trends in search engine design have been driven by the need to identify the pages on the web most likely to satisfy any given information request. Modifications to the way in which search engines classify pages have also been proposed, for example using the Dewey Decimal scheme 11 . One development has been an attempt to measure the perceived quality of information on a page by the number of links to it, with the rationale that a page that is the target of many links is more likely to contain useful information than one that none have links to 12 . This development may also mean that information that is only infrequently needed will be harder to find.
Some search engines, including AltaVista, also offer advanced search facilities, enabling users to submit complex Boolean queries, but it is believed that relatively few searches actually include these facilities 13 , and the use of Boolean queries for information retrieval can be poor and error-prone 14, 15 . One reason for the lack of use of advanced queries has been suggested to be that they give only minor improvements 16 , although this study was based upon only fifteen random queries. Some requests can, however, only be answered with advanced syntax, for example site-specific searches. As an example of this, a user wishing to use AltaVista to find maths pages in the Wolverhampton University web site would need to submit the advanced query maths AND host:.wlv.ac.uk in order to avoid having the results from other sources swamping those from Wolverhampton. Many search engines now provide a web form based advanced search interface that allows users to specify additional criteria for their search without requiring them to create a Boolean expression, but this is intrinsically less powerful and flexible.
One alternative to standard and advanced searches is to search for information by category in the directory section of a search engine. If a suitable category exists, then this approach should yield only sites that are relevant to the information need. If a particular piece of information is being sought that may or may not be in any of the category sites, then Google offers the facility to search inside the sites in any category, giving a similar effect to an advanced search with AltaVista that specifies the host. Google even allows searching in every site in a whole category, a very powerful feature. As an example of this, a search for 'Metallurgist' in the Google UK university category would return (on several pages) one or two matches from each university which had a web site containing this word. It will be demonstrated, however, that the interface presented can be customised to include additional useful information and to make certain types of searching easier.
The vacuum formed by the gap between the requirement for complex queries and their lack of use has allowed tools that provide a simple substitute interface to be developed. Two examples use semantic disambiguation techniques to automatically create advanced queries which are, in general, more successful than the unprocessed originals [17] [18] . This approach essentially gives indirect access to more powerful searches to those who would not otherwise use it. It is aimed at the general information needs, but it is also possible to create a simple interface targeted at specific types of queries, for example site-specific searches. Such a tool could be provided, for example, by an interest group that wishes to create an information resource web site and expects that its user base would have a need to search a common set of web sites. Many such sites already maintain a list of useful links, and this would be a logical extension to that. Indeed, some sites already provide specialist search facilities 19 but this represents a level of technological complexity and expense that would rule it out for many groups.
In order to test the concept of using automatically generated advanced queries to create a portal for a common interest group, a web site at http://www.scit.wlv.ac.uk/~cm1993/eusearch/ was created to aid academics to find research partners in unknown disciplines and in universities throughout Europe. Such a site can have two potential advantages: making the formulation of appropriate queries easier; and being able to include additional, target-user specific information. Both of these aspects will be discussed and the site subjected to an initial evaluation with a tool from the discipline of human-computer interaction that is used by developers for theoretical testing of interfaces.
Site-Specific Searching
The potential pitfalls from using standard approaches will be illustrated with an example of a similar piece of information to be extracted from a collection of sites. The example is to extract the email address or other contact information for five academics from different universities in the UK with a research interest in information systems. In order to solve the problem, a search engine may be useful if used as part of an appropriate strategy. Ideally, the user would enter the search text "information systems research UK" and the search engine would return a list of links to the web pages of all information systems researchers in the UK. In tests, AltaVista, HotBot, Yahoo! and Google returned a variety of pages related to information systems, mainly to national organisations and web sites. Only Hotbot returned a directly useful link, to the Management and Information Systems Research Group in the University of York. In practice, therefore, the lists of pages returned containing all or most of the terms: "information"; "systems"; "research"; "UK" provided an imperfect solution to the problem. A fundamental information retrieval problem here is that there may be many pages that only contain the information that they belong to a UK university implicitly from being part of its web site, rather than explicitly by containing the words "university" and "UK" in the text of the page. The query text may also be elsewhere on the site, may be scattered throughout the site, or may even not be present at all. The directory structure of search engines can be used to narrow down searches before entering the search terms, in an attempt to circumvent this problem. A search from the Yahoo!Directory category for UK Colleges and Universities for "information systems research" did not yield any academic or research group pages because the search does not cover the majority of the web sites. Google does attempt to search a large part of each academic site in its category search, and so it was also used. A Google search of the category for UK Colleges and Universities for "information systems research" did yield a large number of useful links. Google returned only one or two matches per site, which enabled it to return several universities per page. It does not allow selection of the order in which the universities will appear, however. Google could also be used to search each individual site by selecting their category first.
A third approach is to find a listing of UK university websites and then to use the advanced search facility of an engine like AltaVista to search each domain specifically. An example of this would be host:warwick.ac.uk AND information systems research This is clearly a more complex strategy, requiring the knowledge of advanced syntax. It is essentially equivalent to the search offered by Google by first selecting the university from a category and then choosing the option to search within the selected web site. This type of search will form the basis of the custom interface discussed below, and would be particularly useful for any categories not covered by Google or by any other search engine offering the same category search functionality. This approach may also be applicable to other less clear-cut uses of advanced syntax when information about the context of the query can be inferred by the presence of the user at a special interest host site. As a simple example of this, a fan or club site for a football team may have an interface which automatically adds "AND NOT soccer" to all user queries.
Search engine category listings normally contain a brief description of each site suggested to the user, often with the text drawn from the pages targeted. Sometimes this information will not be enough to enable searchers to decide which sites to choose. They may, however, require specific information that is not provided, such as geographic location, product types or company sizes in order to make the choice. If such a need were to be identified as common to a number of people, then it would make sense for it to be provided by the search engine at the point of need, as part of the company listing in the directory structure. No freely available commercial search engine, however, has done this yet. This is perhaps a reflection of the difficulty in ascertaining the information that would be most pertinent in any given category, and over a sufficient range of categories to make a marketable additional facility. This does, therefore, make available an alternative strategy for an interested third party: to provide their own interface to a search engine, which can include the necessary additional information. This is technically possible because search engine queries are HTML constructs, and so can be formed in any web page and passed on to the search engine. In fact many search engines provide the HTML for a search box themselves and encourage visitors to add it to their sites. The type of third party that may benefit from this approach would be an interest group that identifies common information retrieval needs which search engines are not able to easily satisfy. The relationship here would be a symbiotic one, because the queries submitted would be generating hits on the search engine and, therefore, producing advertising revenue. In fact AltaVista, as part of its affiliate network, will pay users to add the HTML for a search query box to the search and so may be willing to pay the portal for this facility. There are already many portal sites that attempt to collate information for their user base and provide aid in web navigation. One method has already been suggested to automate this process in the face of its time-consuming nature 20 , but the approach described here is dealing with a related problem through a completely different technique.
A Test Case: The Academic Partner Web Site
As a test case, a web portal to designed to enable the speedy selection and searching of university web sites from 31 European Union-associated countries was created and will be examined. It also provides pertinent information to aid site selection and automates the task of constructing Boolean queries. University web sites tend to be well covered by AltaVista 21 and for this reason seem to be a good target for this approach. A similar web site has been created before for the UK to enable industry to have access to information about university research 22 , but this project involved the construction and maintenance of a database, a relatively expensive method. The web site was constructed both to fill an information need and to provide a demonstration of the ability of third parties to provide an added value service to specific interest groups, based upon existing commercial search engines. The target group for the site was university academics, and the need was of finding other academics in highly rated research institutions in the EU for specific disciplines, potentially ones unknown to the searcher. This is the kind of need that can arise, for example, when putting together a consortium to bid for EU funding under a research budget such as the Fifth Framework Programme 23 . This source of funding encourages both multinational and multidisciplinary co-operation, leading individuals and teams wishing to submit a bid to seek out others in unknown disciplines and countries. Web sites are often not designed in a way that aids all users 24 , and finding information on academic web sites is known to be difficult 25 , so this is a task that would benefit from help. In order to identify through a web search suitable academics the following pieces of information would be useful. 1. The names and domain names of university level institutions in the target countries. 2. An indication of the relative research standing of each university in its own country. The academic partner web site attempts to provide both these pieces of information in an environment seamlessly linked to AltaVista so that the universities can be searched individually. It also provides a link to AltaVista's translation page to help searches in countries where the language is unfamiliar to the user.
There are many web sites that give lists of university home pages in various countries, including Yahoo! and Google. In order to use search engine advanced syntax, however, it is necessary to know the domain names that host the majority of web pages for any given university. The team working on the academic partner web site collated lists of university web sites in EU-associated countries from various sources and used AltaVista to count the pages hosted on each one. Any university with few pages was followed up, often resulting in the discovery of a change of domain name, or a second site hosting more pages than the official site. As a result, a more useful list of domain names was produced. This was a time consuming operation, with over 700 sites to check.
The second requirement, an assessment of the relative research standings of universities, is much more difficult to satisfy. In the UK there is an official research assessment exercise performed by the government, which can be used to construct useful general research quality indicators 26 . Such exercises are, however, not universal internationally. An alternative measurement has been created by Ingwersen 27 , the Web Impact Factor, which is based upon counting links to a site and dividing by the number of pages hosted in the site. It has been shown that this measurement correlates strongly with the accepted research ratings in the UK 21 . For example, counting the number of UK university web pages outside (say) Oxford University that contain a link to any Oxford University web page, and dividing this by the total number of web pages in the Oxford site gives a figure that it is useful to compare with other similar figures. It was decided to provide official research ratings for universities in countries where they were available, but to provide this calculation, accompanied by an appropriate disclaimer warning of their potential lack of reliability, when they were not.
The web site home page provides the user with a search text box similar to that of a search engine, but with the additional option to select a country upon which to focus. Submitting this page does not return a set of results but a table of information about the universities in the country chosen. This includes the name of each university and their (normally estimated) research ratings. The table also contains a link for each university that is an appropriately formulated advanced AltaVista query to search the specific university web site for the terms entered on the previous page. A single click is enough to submit the query to AltaVista and load it into a new browser window. For example if the term "mathematics" had been entered, and Spain selected on the first page then clicking on the University of Seville link would be equivalent to submitting to AltaVista in a new browser window the query: mathematics AND host:seville.es. It was decided to use AltaVista instead of an equivalent Google category search, simply because the AltaVista approach is slightly more generic, with Google needing to have an appropriate category set up in order to use its site search feature. The aim of the web site, in summary, was to aid both the selection of universities and the subsequent searching within the chosen sites.
Interface Analysis and Discussion
The web site will be compared with an advanced search engine and a directory based search service, in the context of seeking unknown academics in other countries. The basis for comparison will be twofold: how likely is it that the method will be successful in meeting the user's need; and how easy the interface is to use. This second point of comparison will be attacked in a relatively abstract fashion, the interest being in the approach used rather than the specifics of the actual implementation.
One way in which the academic partner site is more satisfactory than the comparators is in the provision of the additional, task specific information relating to university research ratings. If this is critical information for the task, then it may be the case that the partner site is the only realistic web search-based option. It may, however, be possible to combine the other search strategies with alternative methods of identifying research standings, for example consultation with peers, other web sites, or official offices for international affairs. These options would, however, add to the time required to complete the task.
The academic partner site is less satisfactory than the comparators in transferability of skills. A different web site, no matter how simple, requires some time to learn and master. A user already familiar with standard search and directory services would, therefore, be forced to undergo new learning if they were to use the partner site, time that would be producing less transferable skills than if a generic search site were being used. It would also, of course, be necessary to find the site to start with, a factor that is difficult to account for in comparative studies.
Comparison with AltaVista
Searching by university web site in AltaVista using the advanced search syntax amounts to manually entering the queries for each university, rather than having them automatically created by the site. For those unwilling to learn the necessary syntax, or who do not know of its existence, the partner site makes this type of search possible. Its advantages over AltaVista for those who could use either method are in the provision of the domain name information for the universities in the chosen countries and in the automatic creation of the queries for each institution. The partner site creates a page of clickable links to the search results pages, so that the query terms only need to be entered once, and the domain names and advanced syntax do not need to be entered. To activate successive searches all that is needed is to click the query links in turn, closing the new browser window created by each link once the search has been finished. One simple way to compare two methods is to count the number of keystrokes and other similar actions that are required to complete the actions, this modelling the difference in time for an expert user to execute the tasks without error 28 . This does not, however, include any attempt at quantification of the difficulty or length of decision-making processes that using either method would entail. Table 1 shows an analysis of the actions needed to do this, compared with those for a user entering the queries manually, referring to another web site in a separate browser window for the domain names, and using the browser 'back' button intelligently to minimise the total number of actions needed. The task is the execution, but not following up, of queries for the first five listed Spanish universities, with the query 'Maths'.
Partner site
Starting with partner site loaded:
• type "maths", select Spain from the country list and click on the submit button. Next, for each of the five universities:
• click on the search link to activate the search in a new AltaVista window. Next click on a link in the AltaVista results page to simulate finding the information and then close the window.
AltaVista direct use
Starting with AltaVista in one window, and in another window a list of domain names for Spanish universities:
• type "maths AND host:.ua.es", then click on the submit button. Next click on a link in the AltaVista results page to simulate finding the information and then click on the back button to get back to the AltaVista results page, which contains the original search syntax and can be used as the basis for the next university search. From table 1, the number of actions in AltaVista is much higher. It should be noted that these actions include entering correctly formatted syntax, a cognitively more challenging exercise, even when practised, than clicking a mouse button. An experienced user may attempt to recover unsuccessful searches by combining search terms with additional advanced syntax in order to get a more precise query, and could do so in the first search results page returned by AltaVista, whichever approach was being used, although this adds an extra step to the process.
Comparison with Google Web Directory
The comparison that will be made here is with the searching of individual sites by Google, rather than using the national university directory global search option to search all Spanish university sites with one query. This latter type of search would require fewer actions, but is excluded on the grounds that it does not allow the preselection of sites: the results appear in an order uncontrolled by the user.
The partner site interface does have a slight measurable advantage over the Google directory search in terms of the number of actions required to operate it. This stems from the fact that for each query, the university must be selected from the national university list directory and then the keywords must be typed in. This gives two click actions and one typing action per university, whereas the partner site only requires one typing action and one click for all universities, in addition to a single click for each individual one. The difference between the two will be minimised if the query term is copied and posted rather than retyped from scratch in each Google university entry. Table 2 shows a comparison between the two for five Spanish sites. This is, in fact, only a theoretical comparison because, at the time of testing, Google only had a separate category for six of the Spanish universities, three in the English language category and three in Spanish. In fact, none of these were from the test set and so the study is conducted under the assumption that such categories will be added, or that the same functionality will be added to other search engines. Google does have a single very large page listing many higher education institutions in alphabetical order, but this did not give the necessary national identity information to make it useful, and would still have been unwieldy if it had.
Google
Starting with the Spanish Google Web Directory category for European universities (the fairest possible starting point since Google has separate language categories):
• Select the country España and click submit, then click on the University of Alicante category, type "maths", select the word and type control-C to copy it (for later use) and click on the submit button. Then click on a link to simulate a search and click on the back button twice to return to the España page. Next, for each of the four remaining universities:
• click on the university category, click on the query box and type control-C (to paste the query), and click on the submit button. Then click on a link to simulate a search and click on the back button twice to return to the España page. If the user wishes to search universities in more than one country, then in the partner site this can be achieved in three actions: pressing the browser 'back' button from the current country query screen; clicking the name of the new country and then clicking the submit button. It is not much more difficult in the Google Directory, since it has a category for education and a subcategory for Europe. The multi-lingual variations, would, however, be a slight confusing factor.
Conclusions
The study has clearly identified that a web site offering a specialist interface can be measurably superior in some aspects of usability to general search engine strategies. This finding, essentially that less actions need to be performed on the bespoke site for multiple searches, is in addition to the extra information provided, and makes a strong case for the efficacy of such a solution. It would be rash to declare, however, that the approach will be efficacious for all users or types of query. Many different models have been applied to information retrieval 29 , highlighting the fact that different information needs may benefit from a variety of approaches. The claim that interest groups may be able to aid searches by users of their site by automatically constructing advanced queries with additional terms to clarify context is given credence by research has shown that semantic disambiguation techniques 17, 18 and the opportunity to focus a search after submitting keywords by choosing potentially relevant domains can be fruitful 30 . In support of this, one search engine has developed apparently similar logic to automatically suggest additions to a search to clarify any ambiguity, constructing a complex combined query 31 . It may well be the case, then, that the approach described here is not only useful for site specific searching, as demonstrated, but also for subject-related searching. Further research is needed with end users in order to ascertain whether the approach is genuinely viable and useful.
The biggest disadvantage for any given site constructed for a specific user need in the way that the academic partner site was, from a computer-human interaction point of view, is its lack of universality. This is apparent from a taskcentred point of view in the need to first identify the appropriate site when its services would be required. It is also evident in the fact that the skills used to execute its searches would be less transferable than if a standard search engine strategy were to be used. The analysis has also not proved that the site is actually effective in practice because it has not included experiments with real users. The point was, however, to demonstrate that the strategy was capable of showing significant gains, at least in some areas, over existing tools. The move towards increasing automation of tasks, as provided here, is the type of facility that is a progressive trend in history 32 , and so, in general terms, can be seen as an almost inevitable development. If the results of future testing with end users are positive then the technique may be useful for any interest group whose membership is expected to use specific types of searches that would benefit from advanced search syntax and/or additional supporting information.
